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(54) LASER-DIODE CONTROL CIRCUIT AND OPTICAL-DISK DRIVING DEVICE 
(57)Abstract: 

PURPOSE: To keep a modulation factor always definite and to perform a high-quality 
data playback operation by a method wherein the superposition period and the 
superposition stop period of a high-frequency current are controlled, the amplitude of 
the high-frequency current is adjusted during the superposition period on the basis of 
the detected output of a photodetector and the value of a DC current is adjusted 
during the superposition stop period. 

CONSTITUTION: A laser diode 1 is driven by means of a laser-diode driving current I 
(LD) in which a high-frequency current Ih supplied from a high-frequency current 
source 3 is superposed on a DC current lb supplied from a variable current source 2. 
In addition, a means which controls the following so as to be operated by means of a 
high-frequency current ON/OFF signal SS is installed: a period during which the 
superposition of the high-frequency current is stopped; and a period during which the 
high-frequency current is superposed. In addition, the following are installed: a first 



adjustment means which adjusts the amplitude of the high-frequency current on the 
basis of the detected output of a photodetector 6 during the superposition period of 
the high-frequency current: and a second adjustment means which adjusts the value 
of the DC current lb on the basis of the detected output of the photodiode 6 during 
the superposition stop period of the high-frequency current. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A laser diode and a direct current outputted to this laser diode from a 
variable current source, In a laser diode control circuit which superimposes and 
impresses high frequency current outputted from a source of the high frequency 
current, and detected emission power of said laser diode by a photodetector, A means 
to control a period which stops superposition of said high frequency current, and a 
period which superimposes high frequency current, The 1st adjustment device that 
adjusts amplitude of said high frequency current based on an output of a 
photodetector detected during the superposition of said high frequency current, A 
laser diode control circuit having the 2nd adjustment device that adjusts a value of 
said direct current based on an output of a photodetector detected in a period which 
stops superposition of said high frequency current. 

[Claim 2]In a laser diode control circuit of claim 1, the 1st adjustment device, During a 
period which passes an output of a photodetector in the 1 st reference signal source 
and a superposition period of high frequency current, and stops superposition of high 
frequency current, The 1st differential amplifier that measures the 1st sample hold 
circuit holding a value of the last output, and an output of said 1st reference signal 
source and an output of said 1st sample hold circuit, A laser diode control circuit 
having ** and adjusting amplitude of high frequency current outputted from a source 
of the high frequency current based on an output of this 1st differential amplifier. 



[Claim 3]In a laser diode control circuit of claim 1 , the 2nd adjustment device, The 2nd 
differential amplifier that measures the 2nd reference signal source, and an output of 
this 2nd reference signal source and an output of a photodetector, During a period 
which passes an output of said 2nd differential amplifier and stops superposition of 
high frequency current, during a superposition period of high frequency current, A 
laser diode control circuit having the 2nd sample hold circuit holding a value of the last 
output, and adjusting a value of a direct current outputted from a variable current 
source based on an output of this 2nd sample hold circuit. 

[Claim 4]In a laser diode control circuit of claim 1, the 1st adjustment device, During a 
period which passes an output of a photodetector in the 1 st reference signal source 
and a superposition period of high frequency current, and stops superposition of high 
frequency current, The 1st differential amplifier that measures the 1st sample hold 
circuit holding a value of the last output, and an output of said 1st reference signal 
source and an output of said 1st sample hold circuit, A laser diode control circuit 
having ** and adjusting amplitude of high frequency current outputted from a source 
of the high frequency current based on an output of this 1st differential amplifier. 
[Claim 5]In a laser diode control circuit of claim 1, the 2nd adjustment device, The 2nd 
differential amplifier that measures the 2nd reference signal source, and an output of 
this 2nd reference signal source and an output of a photodetector, During a period 
which passes an output of said 2nd differential amplifier and stops superposition of 
high frequency current, during a superposition period of high frequency current, A 
laser diode control circuit having the 2nd sample hold circuit holding a value of the last 
output, and adjusting a value of a direct current outputted from a variable current 
source based on an output of this 2nd sample hold circuit. 

[Claim 6]In an optical disk drive which irradiates with laser beam spot which laser 
which was provided with a laser diode control circuit of claim 1 , and was controlled by 
this laser diode control circuit outputs on an optical disc, An optical disk drive, 
wherein said laser beam spot sets up a period which stops superposition of high 
frequency current corresponding to a period which passes through a non-information 
area on an optical disc. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the laser diode control circuit and 
optical disk drive in the electronic device provided with the semiconductor laser as 
light sources, such as an optical disk unit, a laser beam printer, an optical card drive 



device, In order to reduce the noise which originates in a laser diode with an optical 
disk drive device etc. especially, Also as opposed to change of the laser diode 
characteristic in the laser diode drive control system which superimposes the high 
frequency current, improve what is called the high-frequency-current superimposing 
method, and according to temperature etc., A modulation factor is related with the 
laser diode control circuit and optical disk drive which operated stably by [ as being 
kept constant ] possible. 
[0002] 

[Description of the Prior Art]In the electronic device provided with the laser diode as 
a light source, for example, an optical disk drive device etc., As a laser diode drive 
control system for reducing the noise resulting from a laser diode, From the former, 
what is called the high-frequency-current superimposing method is known (for 
example, the No. [ 5 ] 14th volume of academic journal "optics" "laser noise reduction 
of the laser loading videodisc player by the high-frequency-current superimposing 
method" of the October, 1985 issue that is the 377-384th page). The laser diode 
control circuits by this high-frequency-current superimposing method are the 
following composition. 

[0003] Drawing 6 is a functional block diagram showing an example of the important 
section composition about the laser diode control circuit by the conventional 
high-frequency-current superimposing method. In a figure, 1 a laser diode (LD) and 2 
a variable current source and 3 The source of the high frequency current, The 
differential amplifier and 5 for 4 amplifier and 6 a photodetector and 7 A reference 
voltage source, The high frequency current which C shows a capacitor and to which Ih 
is outputted from the source 3 of the high frequency current, a direct current to which 
lb is outputted from the variable current source 2, and I (LD) show the driving current 
of the laser diode 1 , and Vref shows the voltage of the reference voltage source 7. 
[0004]As shown in this drawing 6 , in the conventional laser diode control circuit, the 
laser diode 1 is driven by laser-diode-drive-current I (LD) superimposed on the high 
frequency current Ih supplied to the direct current lb supplied from the variable 
current source 2 from the source 3 of the high frequency current. In this case, the 
frequency of the high frequency current Ih is set to the value, for example, the values 
above 600 MHz, that the noise of the laser diode 1 is reduced. 

[0005]The average emission power of this laser diode 1 is detected by the 
photodetector 6, and is inputted into - terminal of the differential amplifier 4 via the 
amplifier 5. The differential amplifier 4 measures the reference voltage Vref equivalent 
to the target emission power of the laser diode 1 with the output of this photodetector 
6, and it adjusts the output voltage of the variable current source 2 so that that 
average emission power may become equal to target emission power. Here, the 
relation between the driving current of the laser diode 1 and emission power is 
explained. 



[0006] Drawing 7 is a characteristic figure showing an example of the relation of the 
driving current of a laser diode and emission power in a laser diode control circuit. The 
horizontal axis of a figure shows laser-diode-drive-current I (LD), a vertical axis 
shows emission power P, and ** and ** show the characteristic of having changed 
with temperature etc. 

[0007]At this drawing 7 , Ip shows the amplitude of the high frequency current Ih 
supplied from the source 3 of the high frequency current. Ib is a direct current 
supplied from the variable current source 2. 
Ib' is the adjusted direct current. 

[0008] Pa shows the average emission power of the laser diode 1 at the time of 
high-frequency-current superposition. 

It is equivalent to the value of the emission power detected by the photodetector 6 in 
the circuit of previous drawing 6 . 

Pb is the emission power of the laser diode 1 when amplitude Ip of the high frequency 
current (Ih) is set to "0." 

[0009]In previous literature, the measure which shows the depth of modulation of 
superposing-high-frequency current is called a modulation factor, and it is modulation 
factor M=Pa/Pb x 100 (%). 

The definition is given. And if this modulation factor M is made not less than 120%, it is 
said that the noise of a laser diode is reduced. 

[0010]By the way, the characteristic of the driving current-emission power of a laser 
diode changes with temperature etc. So, average emission power Pa of the laser diode 
at the time of high-frequency-current superposition is controlled by the laser diode 
control circuit of previous drawing 6 t o become fixed, even if change arises in the 
characteristic of a laser diode with temperature etc. 

[001 1]However, since the amplitude Ip of the high frequency current (Ih) is constant 
value, even if average emission power Pa is controlled by constant value, the 
modulation factor M will receive change by change of the characteristic of a laser 
diode. For example, in drawing 7 , when the characteristic is **, the value of the 
amplitude Ip of the high frequency current (Ih) is adjusted in the laser diode control 
circuit of drawing 6 so that the average emission power of a laser diode may serve as 
Pa. 

[0012]When the characteristic is **, the direct current Ib is similarly adjusted to the 
value of Ib' in the laser diode control circuit of drawing 6 so that the average emission 
power of a laser diode may serve as Pa, but the value of the amplitude Ip of the high 
frequency current (Ih) is constant in this case. Therefore, the emission power Pb of 
the laser diode 1 when amplitude Ip of the high frequency current (Ih) is set to "0" 
changes to Pb', and a result which change produces in the modulation factor M is 
brought. 



[0013]As mentioned above, in order to reduce the noise of a laser diode, it is required 
to secure a suitable modulation factor, but. In the conventional laser diode control 
circuit, the modulation factor M is changed by the characteristic change of the laser 
diode by a temperature change etc., and there is a problem that a noise cannot fully 
be reduced. In an optical disk drive device, since the noise of a laser diode becomes 
the cause of degrading the quality of regenerative data, when the worst, it produces 
the inconvenience that data is unreproducible. 
[0014] 

[Problem(s) to be Solved by the Invention]Even when such inconvenience in the laser 
diode control circuit by the conventional high-frequency-current superimposing 
method is solved and change arises in the characteristic of a laser diode with 
temperature etc. in this invention, a modulation factor is always kept constant, It aims 
at providing the laser diode control circuit and optical disk drive which made quality 
data reproduction possible. 
[0015] 

[Means for Solving the Problem]A direct current by which this invention is outputted 
[ 1st ] to a laser diode and this laser diode from a variable current source, In a laser 
diode control circuit which superimposes and impresses high frequency current 
outputted from a source of the high frequency current, and detected emission power 
of said laser diode by a photodetector, A means to control a period which stops 
superposition of said high frequency current, and a period which superimposes high 
frequency current, The 1st adjustment device that adjusts amplitude of said high 
frequency current based on an output of a photodetector detected during the 
superposition of said high frequency current, It is the composition provided with the 
2nd adjustment device that adjusts a value of said direct current based on an output 
of a photodetector detected in a period which stops superposition of said high 
frequency current. 

[0016]To the 2nd, in the 1st laser diode control circuit of the above, the 1st 
adjustment device. During a period which passes an output of a photodetector in the 
1st reference signal source and a superposition period of high frequency current, and 
stops superposition of high frequency current, The 1st differential amplifier that 
measures the 1st sample hold circuit holding a value of the last output, and an output 
of said 1st reference signal source and an output of said 1st sample hold circuit, It has 
**, and it constitutes so that amplitude of high frequency current outputted from a 
source of the high frequency current may be adjusted based on an output of this 1st 
differential amplifier. 

[0017]To the 3rd, in the 1st laser diode control circuit of the above, the 2nd 
adjustment device, The 2nd differential amplifier that measures the 2nd reference 
signal source, and an output of this 2nd reference signal source and an output of a 
photodetector, During a period which passes an output of said 2nd differential 



amplifier and stops superposition of high frequency current, during a superposition 
period of high frequency current, It has the 2nd sample hold circuit holding a value of 
the last output, and it constitutes so that a value of a direct current outputted from a 
variable current source may be adjusted based on an output of this 2nd sample hold 
circuit. 

[0018]To the 4th, in the 1st laser diode control circuit of the above, the 1st 
adjustment device, During a period which passes an output of a photodetector in the 
1st reference signal source and a superposition period of high frequency current, and 
stops superposition of high frequency current, The 1st differential amplifier that 
measures the 1st sample hold circuit holding a value of the last output, and an output 
of said 1 st reference signal source and an output of said 1 st sample hold circuit, It has 
**, and it constitutes so that amplitude of high frequency current outputted from a 
source of the high frequency current may be adjusted based on an output of this 1st 
differential amplifier. 

[0019]To the 5th, in the 1st laser diode control circuit of the above, the 2nd 
adjustment device, The 2nd differential amplifier that measures the 2nd reference 
signal source, and an output of this 2nd reference signal source and an output of a 
photodetector, During a period which passes an output of said 2nd differential 
amplifier and stops superposition of high frequency current, during a superposition 
period of high frequency current, It has the 2nd sample hold circuit holding a value of 
the last output, and it constitutes so that a value of a direct current outputted from a 
variable current source may be adjusted based on an output of this 2nd sample hold 
circuit. 

[0020]In an optical disk drive which irradiates with laser beam spot which laser which 
equipped the 6th with the 1st laser diode control circuit of the above, and was 
controlled by this laser diode control circuit outputs on an optical disc, It constitutes 
so that said laser beam spot may set up a period which stops superposition of high 
frequency current corresponding to a period which passes through a non-information 
area on an optical disc. 
[0021] 

[Function]In this invention, in order to keep a modulation factor constant also to 
change of the laser diode characteristic by temperature etc., Even when change 
arises in the characteristic, he is trying for average emission power Pa and the 
emission power Pb when amplitude Ip of the high frequency current (Ih) is set to "0" 
to adjust the amplitude Ip of the high frequency current (Ih), and the both sides of the 
direct current lb so that it may always be maintained at constant value. Therefore, the 
1st adjustment device that adjusts the amplitude Ip of the high frequency current 
based on the output of the photodetector detected during the superposition of the 
high frequency current, Based on the output of the photodetector detected in the 
period which stops superposition of the high frequency current, the 2nd adjustment 



device that adjusts the value of the direct current lb is provided. 
[0022] 

[Example 1] About the laser diode control circuit of this invention, that example is 
described in detail, referring to drawings. This example corresponds to the invention of 
claim 1 to claim 3. 

[0023] Drawing 1 is a functional block diagram showing one example of that important 
section composition about the laser diode control circuit of this invention. The 
numerals in a figure are the same as that of drawing 6 , and 1 1 The 2nd differential 
amplifier, The 1st sample hold circuit and 13 show the 2nd sample hold circuit, 14 
shows an inverter, and 12 shows a resistor R1 and R2, and SSs are a 
high-frequency-current ON-and-OFF signal and Vref (a). The 1st reference voltage 
and Vref (b) The 2nd reference voltage is shown. 

[0024]The laser diode 1 is driven by laser-diode-drive-current I (LD) superimposed 
on the high frequency current Ih supplied to the direct current lb supplied from the 
variable current source 2 from the source 3 of the high frequency current like [ in the 
laser diode control circuit of this invention ] drawing 6 of a conventional example. A 
means (a means to operate by high-frequency-current ON-and-OFF signal SS) to 
control the period which stops superposition of the high frequency current, and the 
period which superimposes the high frequency current by this invention, The 1st 
adjustment device that adjusts the amplitude (Ip) of the high frequency current based 
on the output of the photodetector 6 detected during the superposition of the high 
frequency current, Based on the output of the photodetector 6 detected in the period 
which stops superposition of the high frequency current, it has the 2nd adjustment 
device that adjusts the value of a direct current (lb). 

[0025]The operation of the laser diode control circuit shown in this drawing 1 is as 
follows. The high frequency current Ih outputted from the source 3 of the high 
frequency current is one [ SS / the high frequency current ] and turned off by 
high-frequency-current ON-and-OFF signal SS, and the amplitude Ip is adjusted with 
the output of the 2nd differential amplifier 1 1 at the time of one of the high frequency 
current Ih. The photodetector 6 detects the emission power of laser DAODO 1, and 
outputs the signal corresponding to emission power via the amplifier 5. 
[0026]The 1st sample hold circuit 12 holds the detect output in front of the 
photodetector 6, when the detect output by the photodetector 6 is passed when 
high-frequency-current ON-and-OFF signal SS shows the state of 
high-frequency-current one, and the state of high-frequency-current OFF is shown. 
On the other hand, when high-frequency-current ON-and-OFF signal SS shows the 
state of high-frequency-current OFF conversely [ the 1st sample hold circuit 12 ], 
the 2nd sample hold circuit 13, When the detect output by the photodetector 6 is 
passed and the state of high-frequency-current one is shown, the detect output in 
front of the photodetector 6 is held. 



[0027] 1st reference voltage Vref corresponding to target average emission power Pa 
of the output of the 1st sample hold circuit 12, and the laser diode 1 at the time of 
high-frequency-current superposition in the 2nd differential amplifier 1 1 (a) It 
compares and an adjust signal is given to the source 3 of the high frequency current 
according to a comparison result. (The 1 st) 2nd reference voltage Vref corresponding 
to the target average emission power Pb when the 2nd sample hold circuit 13 outputs 
the differential amplifier 4 and the high frequency current is not superimposed (b) It 
compares and an adjust signal is given to the variable current source 2 according to a 
comparison result. 

[0028]As mentioned above, in the laser diode control circuit of this invention. By one 
[ SS ] and turning off suitably high-frequency-current ON-and-OFF signal SS, The 
detect output of the photodetector 6 corresponding to the average emission power of 
the laser diode 1 in an ON state in the high frequency current is sampled by the 1st 
sample hold circuit 12, and the amplitude Ip of the high frequency current Ih is 
adjusted so that this value may be in agreement with a desired value. The detect 
output of the photodetector 6 corresponding to the average emission power of the 
laser diode 1 in an OFF state in the high frequency current is sampled by the 2nd 
sample hold circuit 13, and the direct current lb supplied from the variable current 
source 2 is adjusted so that this value may be in agreement with a desired value. 
[0029] Drawing 2 is a characteristic figure showing an example of the relation of the 
driving current of a laser diode and emission power in the laser diode control circuit of 
this invention. The horizontal axis, the vertical axis, and numerals of a figure are the 
same as that of drawing 7 . 

[0030] For example, when the characteristic changes like ** to **, the value of the 
amplitude Ip of the high frequency current (Ih) is adjusted to Ip\ and the direct current 
lb is adjusted to lb'. If this drawing 2 and previous drawing 7 in which a conventional 
example is shown are contrasted, as for Pa, the average emission power of a laser 
diode in case the characteristic is ** is common in that it is maintained at Pa even if 
the characteristic changes to **. 

[0031] However, although the emission power Pb of the laser diode 1 when amplitude 
Ip of the high frequency current (Ih) is set to "0" changes from Pb to Pb' in drawing 7 , 
In drawing 2 in which the case of this invention is shown, since it always becomes a 
fixed value even if the characteristic changes to ** from ** (even if it changes to ** 
from ** conversely), the modulation factor M is eternal. Thus, average emission power 
Pa and the emission power Pb when amplitude Ip of the high frequency current (Ih) is 
set to "0" can always be maintained at constant value by adjusting the amplitude Ip of 
the high frequency current (Ih), and the both sides of the direct current lb. 
[0032] Drawing 3 is a timing chart which shows an example of the signal of each part of 
drawing 1 , and the emission power of a laser diode. The numerals attached to each 
signal wave form support the sign position of drawing 1 . 



[0033]By this drawing 3 , average emission power [ in / in the high frequency current 
(Ih) / an ON state ] and the emission power in an OFF state show the state where it 
was adjusted to the desired values Pa and Pb, respectively. By holding the desired 
values Pa and Pb of emission power, the modulation factor M at the time of 
high-frequency-current superposition is kept constant, and the noise reduction effect 
of an always suitable laser diode is acquired so that clearly also from this drawing 3 . 
[0034]Therefore, quality data reproduction becomes possible and the reliability of 
reproduction information improves. 1st reference voltage Vref (a) 2nd reference 
voltage Vref (b) What is necessary is just to set up a value so that a desired 
modulation factor may be obtained. 
[0035] 

[Example 2] Other examples are described about the laser diode control circuit of this 
invention. This example corresponds to the invention of claim 4 and claim 5. 
[00363 Drawing 4 is a functional block diagram showing other examples of that 
important section composition about the laser diode control circuit of this invention. 
The numerals in a figure are the same as that of drawing 1 . 
[0037]The example of this drawing 4 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a functional block diagram showing one example of that important 
section composition about the laser diode control circuit of this invention. 
[Drawing 2] It is a characteristic figure showing an example of the relation of the 
driving current of a laser diode and emission power in the laser diode control circuit of 
this invention. 

[Drawing 3] It is a timing chart which shows an example of the signal of each part of 
drawing 1 , and the emission power of a laser diode. 

[Drawing 4] It is a functional block diagram showing other examples of that important 
section composition about the laser diode control circuit of this invention. 
[Drawing 5] It is a time chart which explains the OFF timing of high-frequency-current 
superposition about the optical disk drive provided with the laser diode control circuit 
of this invention. 

[Drawing 6] It is a functional block diagram showing an example of the important 
section composition about the laser diode control circuit by the conventional 
high-frequency-current superimposing method. 

[Drawing 7] It is a characteristic figure showing an example of the relation of the 
driving current of a laser diode and emission power in a laser diode control circuit. 



[Description of Notations] 

1 Laser diode (LD) 

2 Variable current source 

3 The source of the high frequency current 

4 Differential amplifier 

5 Amplifier 

6 Photodetector 

7 Reference voltage source 

1 1 The 2nd differential amplifier 

12 The 1st sample hold circuit 

13 The 2nd sample hold circuit 

1 4 Inverter 
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-©{Uc*@^lT3o Pbfi, fSMJjfcttMt (I h) <DMm 
I P £- roj fcLfci:^©^- V?**- F l ©$Bt^ 

[0 0 0 9] 5fc<D;fc]ttT?l±, ffiffl2££S«Hffl€>£M<D8g 

^l$JSM=Pa/Pb X 100 (%) 
t«8LW5. L"t, C©^P^M£l 2 0%tt± 



[0010] i: d 5 T\ U— F (DWmWtfti- 

t4, Sfi^ffC <fc o T U— tf 2V*- F©#ttfC^{t#£ 
[0 0 1 1] LfrU iHbJH?£«yft (I h) QSffl p(4 

- FttfPIIlKTtt, U— *f2V F©¥^^W- 
^P a ii&SJ:?^, iUJS&WM (I h) ©HflS I p© 

[0012] aeou-if 

¥^/W-^Pafc^5J;5li:, ESKWiftl b#I 
b' ©ffltcpS$n§*^ £©*§-&fc{4, fl&^i&tti?!! 
(I h) ©©HI p©«4— mU&Zo LfctfoT, iS 
ffllSWBft (I h) ©UK I p£r roj i:Lfci:^©U- 
•*f£V:t— F 1 ©fg^/W-P b^\ P b' K^itLX 

[0 0 13] U±©4:3fc, U— ^-r*— F©y-YX 

«{C*3l/^T(4, U— tf^5f— F©/-TX(4, S^t 2 — 
[0 0 14] 

KSB^Hf*^ * c i: * S W t r 5 . 

[0 0 15] 

[WBfcjRifc-rafci&o^S] ii©igB^t4, site, u 

— >f^V *— Ft. IS U— *f ^ *— F fc p]S«!fE»^ 
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COO 1 6] m2lc. JJRSBi <DU- ¥94-*— KM* 
fciliflS-e, i«Hift«aE<Ofifi*«»±-rsffllBI(ftJ:{i. 

huib^ i <Dmmm^m<Dtatsiimmm i ©^t^u 

^4^4MsBfil2©MIJir>:/©m;b%M®£-e, iftJS 
iftWiiftofifi^^-rsffilffltitfi, EM©^©^ 

^m2<D^yf)V^-)VYM^ tttrnz., mm 

[0 0 1 8] fg4 (C, ±§BS? 1 Ol/- tf^v^-- KflJW 

■gjgMttiffiwMWis*©?* hf^f^^om^ 
is«iJ6«!«osa*#ii:"r«iHiai(titeJ4. 

fc, itufBHI l ©Si¥HB^«©tfi73 fcflWBM! i ©"U-y^l/ 
*-;I/Klil«S©ttl^i:%ltl!E-rsmi©ll»7'y^, 

[o o 1 9] ws5ic, ±mmi ©k- vmm 

tsh^\m-t^m2<Dmmr>yt. ^mmwomm. 
m^immm2<DmmTyy°<Dtiit!^mm^^L. ?xm 

[0020] ^6tc ±sam i ou-wt- KWtP 

[§ll&£«*, Kk-^V*- K1Hlil§lK(cJ:oTWfll 



[0 0 2 1 ] 

[f^ffl] co^W^li. iBSiia5kWt-F 
"7-P a mmi&9ffi (I h) CDtgifS I p$r l~0j 

ismwtM (i h) ©&pgi pt, e^s^i 
tca-^T, ffiHi&BtfEoJgfg i p low 

[0 0 2 2] 

[*Sffi#J 1 ] C ©fgBJi© U-^^Vt- KSJWIalKtco 

[0023] 0 1 14, commons- *- KM» 

ft, i ias2 ©must:/:/, 1 2 ami <DVls-f)\>* 
— /l/FIUBS, 1 3«^2©-9->:/;k*;— ;l/F0S&, l 4 
«-r>vV- RltR ZfctffiJaggfc^U £/c, S S 
ttiftaifiWSR*^'/*^^. Vref(a) 1 ©1¥ 
WE, Vref(b) IZWS 2 ©S*P«£E*^-r o 
[0 0 2 4] dcDISWOk— 9*^^-F$!lfflI[ilS&"e 

^*0iJtD06 tRHHtc, k— «f^*- F 1 ti, rT 
S«S!ftS 2 A^iSS?til)lMS I b &c, iSJU^WSS 

t, iajs?fe«?5it^is*§ (i p) ^psrrsfi i oass¥ 

* h-r-f^^^eotti^jfca^T, *^t«^t (lb) 
[0 0 2 5] 1 tc^-Tk— tf^V*— KMffHItt 

S(CJ:oT5i->, 4-7?Wt«C, S^I&«?5S I h O 
^->B#(C«, ^2©M»J7'>7 P 1 lOtoiaot, * 
Otgifll ptfWSESftSo 7*hf-ff^^6ti, k- 
if^-F 1 C^^7-5«H1L, 7->7°5^r/rLT 

[0 0 2 6] mi <D*ryf)Vf-—)\> FHBS 1 2 ti, JffJRI 
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;!/*—;!/ KHttl 2i:l»> mmi&nffi.*>/*y1s 
Stf&fflmUffi*7(Dm&*7nLr^2>ilZt,Z. 7 

£Ott M ©t^m 10,73 *UW? %> o 

[0027] ^2©i»7yyi n±, si ©-y-vT 0 ^ 

£V*-F 1 ©liTOM/W-P ai:Mt§Sl 
©S*P«ffiVref(a) fc*J±«U JttHSSKJiSUTSS 

7*4 (i, '%z<D*ry7°)\sfr—)\>YW& \ 3(omtit. 

J9 »«9f[*«* L ft V > # O g 0 Wfg)^ 7 - P b iC 
W*S-TSSl2 0aip*BEVref(b) fc^JtKU ittKBIS 

[0 0 2 8] W±Oj:5K, 

ou-w*- k i (D^&f&t'Vj—icttJS-t&y* 
2 o-y-^^i/*— ^ Fun® i 3 &c J; iv-yyv > 

[0 0 2 9] 0 2 (£, C (D5tm(0 is—wr**— FftJfP 

«tt?^{i, 0 7i:lRl«T?a6So 
[0 0 3 0] flfU«.tf, Wtti«D*»5©©J:5KKfbU«: 
fc#H\ il?JS$t*?5ft (I h) <DJS*BI p€>ffiL#I p' 

sfe, msi!«af i b*M b' towfisfts,, cob 

2t, fi£*0!l*^-r5t©H7i:**Mtrnt^ #'[*#© 
©fcSr^l'— FO^fSft'W-tf P a tt, 

^>o 

[0031] l^u mmnfomffi. ci h) ©stu 

TOJ tL1t£%<Dls— *T#J*- F 1 OM/<7-P 
bfci\ BI7T{±, Pb^Pb' fc^b-rs*^ 

(MIC ©jb^Otc^bLTfc) , Uric-jeoffifcftS 

(I h) OSHBI pt, EJJR««!I b<DMJ5*m&-?2> 
CiifciO, W^W-Pat, fl5J5l?!5«l?if (I 



h) co»s i P * roj tLrct^ofg^^y-p b t 
[0032] 0 3 a, hi <o&m<Dmms&'cfis—*r? 

[0033] cdB3m n&Jiismift ( i h) i)^y 
vzmiz %nf% ¥±^7te' *y-t, * y vm?. & w- z> 
ssy-ttf, tn^niaiPa, p bicmmztirctf. 

fc, fg^W-cDgSfflP a, P b^ffi^F-rsc ate «t 
[0 0 3 4] LfcA^T, ia^HcDx-^S^^nTt^C 

ftO> S£i»fB©«J5tfe&<ft±3tts.» ftfc> $101 

qs*BEVref(a) 2 <Da*«J± V ref ( b ) <omt, 
[0 0 3 5] 

[HfigfiJ 2 ] C (D$m<D L'-tf 2V FSlJWHIBS^O 

[0036] 04 C (D5&m<D Is—*??-! KSUfP 

n-y^0T?$>5o HfCfe^S^ti, 0ltP1fe^ 

[0037] C©0 4 <F>-$m.W£, 7fe»0 1 
Jrb^^i:. S2©MR)7 7 >yi 1 l O^^- 
;l/ F0SS l 2 Ofilii, *5<tt>\ (SB l co) MIST > 
7° 4 fc^ 2 ©U-^T*;!/*— ^ Flaltt 1 3 

^nfnAnioT^s. -rftfe-^, 0i«d*S60>jt* 

Lfc^lC, If 1 Ol¥iEVref(a) feSV^i^ 2 <DS 
£ptt)±Vref(b) t ©ib«*ffo TVS, 
[0 0 3 8] drUcttLT, 0 4©[@I8ST'«^ 7thf 
Y^^^6CD^t±jm*fc> mi©»i!M»EVref(a) * 
51,^12 ©Sqs«E V ref ( b ) i: © J±^^r^fcfT</ \ 

[0 0 3 9] ClCO04CO<fc'5{<l> MKT'VT' (11, 

4) fc-9->y;l/*-;l/FlHllS (12, 13) 

mm i bcommtvimT&Zo jk±©j:5k» coai 2 

EE ^hb® Lfcti{c , tm^m^> y>l L T F 
-?-3C<btc<fcoT, .SiSlSitj5lt (I h) A^v^aSK* 

tt^^fg^^y-t. *ywmicisi7?>mt'*y—t 
fnfniaiPa, Pbtci^s-r^o 

[0 0 4 0] 

[*fifi^lJ3] CCD^fCO^T, m3£D^i6S^J^Wr 
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jssw^t i hoisti i p tzzft^rLMWicmMTzrc 
CO 0 4 1] 0 5ti. z.<D : $m(Du—*r#4*- K#J» 

[0 0 4 2] f-<Xj'Ob5'^±0^y^SG a p 
tts c©B4fz:jS-rJ:5f«:, I Dg|5i:DAT Affit<DW. 

[0 0 4 3] fct', C©^3(DHfig^ljT?«^ iSJai£« 

sp*y^»Gap*a3ft-ra*-f5>y4:— ft**, C 

K0S8 1 3tD-9">7°U ^^WF^toT, 7*f-fVr 

•SK©*?*^ 5>y%, ftX#>y h#^>>y7°gflG a 
p%jl3®-r-5^^5>^C-&4±tl«\ I DpPi: DATA 

[0 0 4 4] Lfc*ST ( tS$g<DS*^-^>X{CffiV> 
[0 0 4 5] 

I hMl p^li^nsot, SSHKtflifK-^K: 

y -y snso-p, ioiStt*^ 

[0 0 4 6] IS#3Sl i:t**3S3<0»Wett, flSSM^ 
;1/K0»1 3fcJ;r>-9-^:7°y >^'£n, col 

©T% s^KHsomsfitt^^snso 

[0 0 4 7] 4 ©fgf5iT?li, If** 2 H 



WfiA^ti-— ^jcftfenSo Lft*ST, §»5)<3»2©fg 
[0 0 4 8] W*^5 0«WTfi, 3 <DfSB.3£:|W| 

[0 0 4 9] t*«6 0^fett, i««ifcWJlW>*:7* 
-Y5>^*. 7tX^-y hA^^-y^gPG a p^iiil-r?. 
#^5:y^{c-&-£5e:i:tfT#5©-C\ I DgPi: DAT 

[0 1 ] co^o u— f 2V KWWiiKfco^ 

[02] c ©fga^© U— »f 94 *— KWJWhIBK*^* 

#iJ£^WI40-e&3o 
[03] 0 1 (D&ffifDmmo^ZfU—if?^*— h"<om 

[04] <i<D$gw<Du— v9<<-%— b'mmmmc-o^ 

[0 5] ccoS6W©U— *f K»J«aHI*«Afe 
-f 5 > y^ittwr S £ -Y +■ - h T'fe 5 „ 

[0 6 ] 'mt<Dism®inffinmmK «t § u— if 

[0 7 ] u— y* ^y*- YMummastfz b— tf ^ 

FO|g»l*^i:^l7 1 e/^ , 7-t ©B8«0— M*^"T«f 
1401? $5, 

1 y^-Y*- F (LD) 

2 BI^WStM 

3 

4 MRlT-VT" 

5 T'^T' 

6 7*hf-i , f^? 

7 l¥t£Effi 

i i mzvmhTyy 

12 ^l ©•9->^';l/*— F0SS 

13 m2©9->7°;b^-^F[HlSS 
1 4 -OM— ^ 
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